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本研究基于 λ 噬菌体 Red 重组系统、建立了一种适用于对杆状病毒 Bacmid
进行基因改造的重组方法。并进一步以 AcMNPV Bacmid 上的 ChiA 基因基因敲
除为例阐述该重组系统的可行性。PCR 及WB结果证实 ChiA 基因已被成功敲除，
改造后的 DH10Bac 可应用于任意外源蛋白的表达。该重组方法简单高效易操作，
将为 Bac-to-Bac 系统中杆状病毒任意基因的改造提供极大的方便。 








Bac-to-Bac 系统构建能同时表达 EV71 P1（多角体启动子下）和 3CD（p10 启动
子下）蛋白的几丁质酶缺失型重组杆状病毒，并于 Sf21 细胞中成功进行 EV71 
VLP 的表达。 
其次，通过对宿主细胞、感染剂量、收获时间、FBS 培养浓度等表达条件进

























对其抗原性进行分析为后期 EV71 VLP 的研发奠定了基础。 
 



















Although baculovirus expression vector system (BEVS) has been used for 
expressing thousands of recombinant proteins, due to various reasons, the yield of the 
targeted protein is difficult to reach an ideal level. In BEVS, secreted proteins and 
membrane proteins are hard to express. Therefore, it has important application value 
for using the genetic engineering methods to optimize the BEVS. 
Protein degradation is one of the main problems caused by BEVS itself. BEVS is 
a lytic system, insect cells will release large amounts of proteases coded by 
baculovirus which will hydrolyze targeted protein, especially the Cathepsin (Cath) 
and Chitinase (ChiA). Meanwhile, ChiA is a secreted protein whose expression will 
bring a strong competition on the secretion of targeted protein into the secretory 
pathway. 
We constructed a recombinant method for modifying baculovirus genes which is 
based on the Red recombination system. For further studying the feasibility of this 
method, we chose the deletion of ChiA gene on AcMNPV Bacmid as example. PCR 
and WB suggested that the ChiA gene had been successfully deleted which can use 
for the expression of targeted protein. A series of experiment indicated that the 
recombinant system is easy and effective enough to operate. The construction of 
recombinant system will provide a great convenience for the modification of 
baculovirus in Bac-to-Bac system. 
Since 2008, Enterovirus 71(EV71) has been implicated as the etiological agent 
responsible for the recent outbreaks of hand-foot-mouth disease associated with 
severe neurological disease in China，causing high mortality and disability which do 
harms to children’s health and safety. Due to the transmission of EV71 is very 
complex, there is neither EV71 vaccine nor special antiviral drug against EV71 can be 
available. VLP is made up of capsid proteins. On one hand, it eliminates the potential 
risk of inactivated vaccine due to the lacking of nucleic acid. On the other hand, it can 
















Therefore, VLP is an ideal form of vaccine to develop. 
In this research, we chose the EV71 mainland epidemic strain as the research 
objection (GenBank:FJ600325.1). Using the baculovirus expression system to express 
the EV71 virus-like particles (VLPs). First of all, we constructed a ChiA--deleted 
recombinant baculovirus coexpressing EV71 P1(under polyhedrin promoter)and 
3CD(under p10 promoter) proteins, successfully express the EV71 VLPs in Sf21 
cells. 
Secondly, by optimizing a series of expression conditions including host cell, 
infectious dose, harvest time and the concentration of FBS in medium, the best VLPs 
yield was achieved by infecting Sf21 cells cultured in 2%FBS concentration with 
100μl/palte rBV-P1-3CD which was harvested 3pi. 
Finally, a panel of 36 EV71 special Mabs had been prepared to analyze the 
activity of recombinant protein, we found that the antigen-antibody reaction was very 
well. Denatured treatment may destroy the conformational epitopes of recombinant 
antigen, resulting in disappearing of the reaction between antigen and conformational 
monoclonal antibody. It revealed that the EV71 recombinant antigen produced in our 
study have conformational epitopes which is similar to natural virus which may 
trigger an effective immune response. Further experiment of ultracentrifugation and 
TEM confirmed the presence of VLP, laying a basis for the follow-up study. 
In summary, on one hand, in this study we constructed a recombinant method 
which will provide great convenience for the modification of baculovirus Bacmid in 
Bac-to-Bac system. One the other hand, we successfully expressed the EV71 VLP 
using BEVS, maximized the yield of recombinant protein through optimizing a series 
of expression condition, and analyzed the antigenic of recombinant antigen, which lay 
a basis for the follow-up study on EV71 VLP. 
 


















AcNPV：Autographa californica NPV，苜蓿银纹夜蛾核型多角体病毒 
Amp：Ampicillin，氨苄青霉素 
Bac-to-Bac：Bacterium to Baculovirus，大肠杆菌-昆虫细胞穿梭载体系统 
Bacmid：Baculovirus plasmid，杆状病毒质粒 
BEVS：Baculovirus expression vector system，杆状病毒表达载体系统 
BmSNPV：Bombyx mori SNPV，家蚕单衣壳型核形多角体病毒 
BV：Budded virus，出芽型病毒 
CpGV：Cydia pomonella granulovirus，苹果小蠹蛾颗粒体病毒 
Da：Dalton，道尔顿 
ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附测定 
EM：Electron Microscopy，电子显微镜 
GV：Granulovirus，颗粒体病毒 




MOI：Multiplicity of infection，感染复数 
NPV：Nucleopolyhedrovirus，核形多角体病毒 
Ori： Origin，复制起始位点 
ORF：Open reading frame，开放阅读框 
ODV：Occlusion derived virus，包涵体来源型病毒 
PDV：Polyhedra derived virus，多角体来源型病毒 
PFU：Plaque forming unit，空斑形成单位 































杆状病毒（Baculovirus）是有囊膜的 dsDNA 大型病毒，病毒基因组 DNA 呈
环形，大小在 90-160kb，是节肢动物特异的 DNA 病毒（arthropoda-specific DNA 
virus）。目前已记述的杆状病毒除少数是从蛛形纲和甲壳纲分离外，绝大多数都
来自昆虫纲，且主要集中在鳞翅目昆虫。目前已记录的杆状病毒达 600 余种，包







为多衣壳核型多角体病毒（multicapsid nuclear polyhedrosis virus，MNPV）和单






















NPV(α-baculoviruses) ， Lepidopteran-specific GV(β-baculoviruses) ，
hymenopteran-specific NPV(γ-baculoviruses) ， Dipteran-specific baculovirus 
(δ-baculoviruses)。随着杆状病毒分子生物学的进一步研究发现，这种基于病毒宿
主依赖性进化而进行的分类越来越可信了。Zanotto 等[7]和 Bulach[8]等在概括地分
析了杆状病毒的多角体蛋白和 DNA 聚合酶蛋白的序列后，将鳞翅目 NPV 划分
为 Group I 和 Group II 两组。Group I 包括 AcNPV，OpNPV，BmNPV 等，Group 
II 包括 LdNPV，SeNPV 和 HzNPV 等。二者分类的依据在于 Group I 以 gp64 作





































图 1-1 两种表型杆状病毒粒子的结构与组成[10] 
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